We have redefined group membership of six southern galaxy groups in the local universe (mean cz < 2000 km s −1 ) based on new redshift measurements from our recently acquired Anglo-Australian Telescope 2dF spectra. For each group, we investigate member galaxy kinematics, substructure, luminosity functions and luminosityweighted dynamics. Our calculations confirm that the group sizes, virial masses and luminosities cover the range expected for galaxy groups, except that the luminosity of NGC 4038 is boosted by the central starburst merger pair. We find that a combination of kinematical, substructural and dynamical techniques can reliably distinguish loose, unvirialised groups from compact, dynamically relaxed groups. Applying these techniques, we find that Dorado, NGC 4038 and NGC 4697 are unvirialised, whereas NGC 681, NGC 1400 and NGC 5084 are dynamically relaxed.
INTRODUCTION
Galaxy groups are important structures, containing a significant fraction of the galaxy population in the universe. In November 2004 (ATAC/2004B/19) and April 2005 (PATT/2005A/13), we observed six nearby southern galaxy groups (Dorado, NGC 681, NGC 1400, NGC 4038, NGC 4697 and NGC 5084) with the 2dF multi-object spectrograph at the 3.9-m Anglo-Australian Telescope. The primary purpose of these observations was to locate ultracompact dwarf galaxies (UCDs). In this paper we combine non-UCD galaxy redshift measurements from these observations with previously catalogued data to create revised group membership lists. We investigate luminosity-weighted group kinematics and dynamics based upon the virial method employed in Ferguson & Sandage (1990) , using Monte Carlo modelling to estimate uncertainties due to observational errors.
A meaningful kinematical and dynamical analysis of galaxy groups requires a clear definition of group membership -but galaxy groups are variously defined depending on the group detection algorithm selected. Researchers have historically relied on positional, morphological and surface ⋆ E-mail: firth@physics.uq.edu.au brightness information to define galaxy groups, but increasing access to redshift data has improved group membership definition. For example, Huchra & Geller (1982) applied a "friends of friends" percolation algorithm to search for isodensity contours in redshift space, and Maia et al. (1989) used the Southern Sky Redshift Survey to produce a Catalog of Southern Groups of Galaxies. Ferguson & Sandage (1990) used galaxy morphology, together with available but limited redshifts, to create catalogs of nearby galaxy groups, including Dorado and NGC 1400. Garcia (1993) combined the percolation method of Huchra & Geller (1982) with a hierarchical method derived from Tully (1987) to create a large catalogue of galaxy groups, including NGC 681, NGC 4038, NGC 4697 and NGC5084. Starting with group membership as defined by Ferguson & Sandage (1990) and Garcia (1993) , our results more accurately define these six galaxy groups as gravitationally-bound systems in redshift space.
The structure of our paper is as follows -Section (2) describes our 2dF observations and redshift results obtained; Section (3) details the methods, results and interpretation we have used in our analysis of group kinematics, substructure and luminosity-weighted dynamics; and Section (4) summarises our findings.
OBSERVATIONS

Description of Galaxy Groups Observed
The groups selected for our 2dF observations are low redshift (mean cz 2000 km s −1 ), southern sky galaxy groups, with a central dominant galaxy and a broad density range:
• The Dorado Group has been variously identified by past researchers as Shk18 (Shakhbazian 1957) , G16 (de Vaucouleurs 1975) , HG3 (Huchra & Geller 1982) and MC13 (Maia et al. 1989) . De Vaucouleurs described it as 'a large and complex nebula in the region of Dorado...part of a larger cloud complex'. It is described by Ferguson & Sandage (1990) as 'a loose concentration of spirals and ellipticals', and later by Carrasco et al. (2001) as covering an area of 10 degrees square. The dominant galaxies are, in order of decreasing luminosity, NGC 1566 (spiral), NGC 1553 (lenticular) and NGC 1549 (elliptical).
• The NGC 681 Group is a sparse group of galaxies, stretching across the 2dF field and centred about half-way between the two brightest barred-spiral galaxies -the starburst galaxy NGC 701 and the slightly fainter galaxy NGC 681.
• The NGC 1400 Group is 'a loose group of galaxies that is part of the larger Eridanus cloud complex' (Ferguson & Sandage 1990 ). Ferguson and Sandage identified 120 galaxies as potential members of this group. The brightest member is the E0 elliptical NGC 1407, followed by the spiral NGC 1400. These two galaxies have a considerable radial velocity difference, although they are considered to be at a similar distance, which is interpreted as evidence of a large dark matter halo (Quintana et al. 1994) .
• There are 27 galaxies in the NGC 4038 Group as listed by Garcia (1993) , including the merging pair of spiral galaxies NGC 4038 and NGC 4039, collectively known as the Antennae Galaxy and featuring in the pioneering N-body simulations of Toomre & Toomre (1972) .
• The NGC 4697 Group contains 19 members identified by Garcia (1993) and dominated by NGC 4697(elliptical).
• The NGC 5084 Group comprises only 5 galaxies identified by Garcia (1993) and is dominated by the lenticular galaxy NGC 5084.
Target Selection
The primary aim of our 2dF spectroscopic survey was to discover whether UCDs exist in galaxy groups, and the results of this research will be published separately. We therefore selected point-source targets in each group as our primary targets for spectroscopy. However, candidate galaxy members of these groups were also targeted, by allocating a small proportion of the available 2dF fibres, to refine information about the group structures and dynamics to aid in interpreting UCD results. The results from these galaxy redshift observations are presented in this paper.
For the NGC 681, NGC 4038, NGC 4697 and NGC 5084 groups, catalogued by Garcia (1993) , we selected candidate group galaxies using size and surface brightness characteristics of the galaxy images. Using blue band data from the SuperCOSMOS Sky Survey catalogue, the positions of all objects in the 2dF fields were plotted in diagrams of isophotal area (at the detection threshold surface brightness) against Figure 1 . Morphological selection of likely group member galaxies -typical plots for galaxy group NGC 4038. The data was taken from the SuperCOSMOS Sky Survey catalogue for the blue band. Objects classified as galaxies form the lighter gray background to the Galactic stars in the narrow, dark grey band. UPPER: Total magnitude plotted against image area. Previous results of UCD searches in the Fornax galaxy cluster indicate that group member galaxies lie above the line shown. LOWER: Total magnitude plotted against peak intensity. Previous results show that group member galaxies lie below the line shown, excluding the stellar locus in the upper part which cuts across due to saturation.
total magnitude, and of the SuperCOSMOS peak intensity against total magnitude (see Fig. 1 for examples). Similar data in the region of the Fornax Cluster were used to define the regions in these planes in which cluster galaxies are located, using the member galaxy list of Ferguson & Sandage (1990) . Extending these Fornax Cluster results to the galaxy groups, regions were defined where there was likely to be a high probability of finding group galaxies but a modest probability of finding background galaxies. Images of the objects found in these regions were inspected visually to reject any obvious haloes and diffraction spikes of stars, plate flaws, and sub-regions of bright galaxies. This left samples of candidate group galaxies for targeting with 2dF fibres.
For the NGC 1400 and Dorado galaxy groups, targets were selected from the Ferguson & Sandage (1990) catalogue, identifying them as definite, likely or possible group members. The galaxies targeted were generally of lower luminosity than has previously been spectroscopically observed, extending into the dwarf regime (to MB ≃ −13 mag). These targets were then matched to the APM catalogue to obtain improved positional coordinates for our observations. To achieve a reasonable signal-to-noise ratio (S/N) in the available observing time, we limited the magnitude of our galaxy targets in these two groups to bJ 18.5 mag.
The overall effectiveness of our target selection methods is quantified in the yield percentages listed in column (4) of Table 2 , which represent the percentages of objects with acceptable redshifts that are confirmed group members. These yield percentages show that our target selection method for the Dorado and NGC 1400 groups was clearly more effective, because we only selected targets from the existing group catalogues. The yields for NGC 681, NGC 4038, NGC 4697 and NGC 5084 show what we achieved by selecting targets from a morphological parameter space rather than a pre-defined catalogue.
Observing Information
We used a 300B grating with a central wavelength of 5806 A, providing a variety of strong absorption lines for redshift measurement. The targets for each group were split into two magnitude ranges to optimise observing efficiency. Our plan was to achieve a S/N sufficient for strong absorption line recognition and therefore accurate redshift measurement. Despite cloud and technical issues on some nights, we generally achieved exposures with acceptable seeing.
We observed each group in a single two-degree diameter circular field centred on the group position obtained from the NASA Extragalactic Database (NED) 1 , which quotes the positions of Garcia (1993) . Table 1 summarises our observations -column (1) is the group name; columns (2) and (3) are the coordinates of the 2dF field centres; columns (4) to (7) provide further observing information.
Data Reduction and Redshift/Velocity Measurement
The raw 2dF multi-object spectra images were reduced using 2dfdr 2 software and IRAF's 1-D spectrum tasks. We obtained redshifts (converted to recessional velocities) by cross-correlation with a standard set of stellar and galactic templates using the IRAF task XCSAO, following the technique described for the Fornax Cluster redshift survey (Drinkwater et al. 2000) . Our acceptance cutoff for the cross-correlation result is an R-coefficient 3 (Tonry & Davis 1979) . We visually inspected and confirmed the redshifts for all member galaxies identified from our observations. Relatively poor seeing (2.2 to 3.2 arcsec) on some nights (see Table 1 ) resulted in a lower S/N, consequently reducing the number of confirmed redshifts for these target sets. Tables 7 to  12 ) with bracketed yield (percentage of reliable 2dF redshifts from our observations which are identified as group members).
Group Membership Redefinition
We obtained galaxy group membership lists from the source catalogues of Ferguson & Sandage (1990) and Garcia (1993) . We supplemented these catalogues with any other objects from our 2dF galaxy and point-source target sets (which extend 1
• radially from the group centre) whose redshifts place them within the group heliocentric radial velocity limits.
Existing galaxy redshift information for these redefined group catalogues was then extracted from NED, and supplemented by more recent redshift information from the 6dF galaxy redshift survey (6dFGS DR2) issued May 2005 (Jones et al. 2005 ) and our 2dF observations. The resulting redshift coverage is indicated in Table 3 . We also searched the 2dFGRS database 3 for redshift information -only the Dorado field has been covered by this survey and none of the reliable redshifts relate to the group. HIPASS survey 4 results are included in NED, but in nearly all cases NED provides alternative redshift sources with lower uncertainty. Table 3 summarises changes to the original catalogue definitions of the six galaxy groups as a result of subsequent available redshift data from NED, 6dFGS DR2 and our 2dF observations. Column (1) is the group name; columns (2) to (3) show the number of candidate member galaxies listed for this group and the major source catalogues used;
Galaxy Redshift Survey: http://mcp1.anu.edu.au∼TDFgg/ 4 HI Parkes All-Sky Survey: http://hipass.aus-vo.org/ columns (4) to (6) show the number of redshift measurements available in NED or 6dFGS DR2, and the number of 2dF redshifts we have obtained; columns (7) and (8) show the changes to the original catalogued group membership as a result of redshift information, being new group members added and previously listed group members excluded (as background galaxies or interlopers); columns (9) and (10) show the revised numbers of redshift-confirmed members and presently unconfirmed members (with no redshift measurement). The figures in Table 2 (column 3) and Table 3 (column 6) agree for Dorado and NGC 1400 (all our 2dF targets came from the original catalogues), but differ for the other four groups (only a proportion of our targets are in the original catalogues). Tables 7 to 12 are detailed listings of group members having redshift information, together with changes to each galaxy group as a result of our observations and analysis. The group member galaxies are in general clearly isolated on the redshift (or heliocentric radial velocity) axis from background galaxies. Where more than one velocity measurement is shown, our approach was to take the velocity with the smallest uncertainty, unless there was a specific reason to do otherwise as noted in the tables. Our dynamical calculations are then based on the revised group membership from these tables. The velocity ranges defining group membership are compared in the heliocentric radial velocity histograms shown in Fig. 3 .
ANALYSIS
For convenience, we first present the key kinematical and luminosity-weighted dynamical results of our analysis in Table 4, based upon the revised group membership and galaxy redshifts. Column (1) is the group name; column (2) shows the number of redshift-confirmed member galaxies; column (3) is the fraction of confirmed members to estimated total members (N), estimated by applying the redshift-confirmed member/non-member ratio to unconfirmed group members; column (4) is the radial velocity dispersion of confirmed group members; column (5) is the distance to the group based on a first-order approximation of the Hubble redshiftdistance relation (H0d = cz, where H0 = 72 km s −1 Mpc −1 ); columns (6) to (8) locate the group centre of mass in redshift space; column (9) is the virial mass estimate; column (10) is the total luminosity of group members; column (11) is the mass-to-light ratio based on dynamical calculations of the group virial mass; column (12) is the harmonic mean radius and column (13) is the group crossing time.
In the following sub-sections, we describe the analysis methods, results and interpretation of our findings in detail. Fig. 2 shows the relative positions of revised group members, with each group scaled to a common distance based upon the mean group distance shown in Table 4 . This form of presentation allows a direct comparison of group compactness -Dorado, NGC 4038 and NGC 4697 are loose groups, whereas NGC 681, NGC 1400 and NGC 5084 are compact.
Kinematics
All six groups exhibit multiple peaks in their heliocentric radial velocity plots (Fig. 3) . The number of galaxies in these groups is not sufficient to interpret these peaks as having physical meaning -rather they represent the effects of small number statistics. For the same reason, we have not attempted to analyse the shape of these velocity distributions in detail. The velocity dispersions of Dorado and NGC 1400 are higher than the other four groups. Including a proportion of the unconfirmed group members (with no redshift data), these two groups may approach the size of galaxy clusters. The velocity dispersions of the remaining groups are within the range expected for galaxy groups. a. The colliding galaxies NGC 4038 and NGC 4039 (Antenna galaxies) are treated as a single object in our dynamical calculations, located at their combined, luminosity-weighted centre of mass in redshift space.
Substructure
The 1-D (radial velocity histogram) and 2-D (projected sky position) tests for substructure are problematic in the case of galaxy groups, due to the relatively small number of galaxy members. However, the 3-D Dressler-Shectman test for substructure (Dressler & Shectman 1988) , which was originally designed for cluster size systems, can be adapted to galaxy groups (Zabludoff & Mulchaey 1998) . Briefly, the Dressler-Shectman test identifies the nearest neighbours of each group member galaxy and computes the local mean radial velocity (v local ) and velocity dispersion (σ local ) of each resulting subgroup. The squared deviations of the local (compared to the overall group) mean velocities and dispersions are then combined in the δ 2 deviation statistic for each subgroup. This statistic is normalised by a leading term involving the selected number of nearest neighbour galaxies (nn) in each subgroup.
The sum of the unsquared positive deviations is termed the ∆ statistic. In a randomly distributed system the ∆ statistic is approximately equal to the number of group members with redshift information (Nv), whereas ∆ > Nv is an indicator of probable substructure. To test the reliability of the ∆ statistic, a Monte-Carlo analysis is performedthe velocities are randomly shuffled and the ∆ statistic is recomputed 1000 times, producing the probability P that the observed ∆ is a random result. A low probability is therefore interpreted as evidence of substructure.
After some experimentation, we set the number of nearest neighbours at 4. This is approximately √ Nv for our average group as recommended by Pinkney et al. (1996) , and compares to the figure of 11 nearest neighbours in the original cluster substructure analysis by Dressler & Shectman (1988) .
The results of our Dressler-Shectman tests are summarised in Table 5 , and illustrated in the set of bubble plots (Fig. 5) with the size of bubbles proportional to the δ 2 deviation of each subgroup. The loose groups (Dorado, NGC 4038 and NGC 4697) exhibit sub-structure in redshift space, whereas the compact groups (NGC 681, NGC 1400 
Luminosity
The bJ magnitudes for nearly all confirmed group members listed in Tables 7 to 12 are from SuperCOSMOS, with magnitude error margins for our luminosity-weighted dynamical calculations based on SuperCOSMOS internal error estimates (Hambly et al. 2001 ). Due to limited survey coverage or difficulty in correctly defining the galaxy boundary, SuperCOSMOS gave an unreliable magnitude for a small number of member galaxies -we substituted SuperCOS-MOS bright galaxy measurements (M. Read, private communication) where possible or estimated bJ magnitudes from available NED data (see footnotes in group member lists). Fig. 4 depicts the luminosity functions (M b J ) of the redshift-confirmed members of each group, in absolute magnitude units based upon distance moduli from Table 4 . The mean absolute magnitude is approximately -17 mag for all groups, except NGC 4038 which is approximately 1 mag brighter due to the starburst activity in the Antennae galaxy pair. For Dorado and NGC 1400 groups, we also show the unconfirmed candidate group members having no redshiftswe expect that a proportion of these less luminous galaxies will be confirmed as members by future redshift measurements. Our group member lists exclude low surface brightness dwarfs. The impact on our dynamical calculations of excluding unconfirmed candidates and low surface brightness dwarfs is considered negligible, but nevertheless is discussed in the next subsection.
Dynamics
Our group dynamical calculations are luminosity-weighted. The dynamical calculations are based on the formulae summarised in Table 6 . Our calculations adopt the techniques outlined in Carlberg et al. (1996) , Ferguson & Sandage (1990) and Materne & Tammann (1974) . They are similar to Table XIII in the Ferguson & Sandage (1990) paper, except as follows:
• Members: whereas Ferguson & Sandage (1990) used all candidate galaxies for position and luminosity dependent calculations, we only use those galaxies with confirmed redshifts for all dynamical calculations. 
Virial mass
Projected mass Mp = 32 πG
Crossing time tc = <r> <|v|>
a. r is the average projected distance of group members from the group centre of mass. b. |v| is the average speed of group members relative to the group centre of mass. c. Weightings w i are based on the apparent b J magnitudes of the group member galaxies, converted to relative luminosities. d. G is the gravitational constant.
• Weighting: mean heliocentric radial velocity, velocity dispersion and all mass-related statistics are based on weighting each confirmed member galaxy by its relative apparent bJ magnitude (converted to a relative luminosity).
• Error Estimates: we use Monte Carlo simulations to derive the uncertainties quoted in Table 4 , assuming Gaussian distributions for all input measurements (except the galaxy coordinates which we treat as accurate). We used 100,000 sets of randomised Gaussian input measurements to derive a set of Gaussian output distributions.
For the NGC 4038 group we treated the colliding galaxy pair (NGC 4038/4039) as a single object with a combined luminosity and located at their centre of mass in redshift space. This prevents their small and presumably rapidly changing separation from dominating the group and producing an incorrect virial mass estimate. If this is not done, the calculated harmonic mean radius, virial mass and massto-light ratio for the group are reduced by an order of magnitude.
The virial mass, total luminosity and consequently the M/L ratio have significant error margins which are partly due to uncertainty in the bJ magnitudes for some of the brighter group members. This uncertainty stems from the difficulty SuperCOSMOS has in defining a reliable area over which to integrate the light from the larger, brighter galaxies. We have mitigated this effect by substituting SuperCOS-MOS luminosities optimised for bright galaxies (M. Read, private communication).
The luminosity-weighted harmonic mean radius of each group is illustrated in Figure 2 . The position and size of the circles are determined by the group centre of mass and galactic mass distribution respectively. We have not attempted to quantify or map the distribution of inter-galactic matter, either baryonic or non-baryonic. Groups NGC 4038 and NGC 4697 have relatively large luminosity-weighted harmonic mean radii compared to the other groups, reflecting the more widespread projected spatial dispersion of some brighter member galaxies. The loose groups in general have larger harmonic mean radii than the compact groups, although Dorado is an exception with a relatively small harmonic mean radius due to the concentration of more luminous galaxies at its core.
The mass of confirmed group members can be computed in two dynamically-derived ways, following the discussion in Heisler et al. (1985) . The virial mass (Mv) and projected mass estimate (Mp), whose definitions are shown in Table  6 , assume spherical symmetry and an isotropic distribution of velocities. Heisler et al. concluded that the projected mass estimate was less affected by interlopers than the virial mass estimate, but as we have specifically excluded such interlopers in our calculations the two mass estimates should be equally valid. We have therefore computed virial mass estimates.
The mass-to-light ratios (M/L) have been computed from the ratio of the group virial mass estimate to the sum of group member galaxy luminosities, based upon the use of a group distance modulus to convert apparent bJ magnitudes to absolute magnitudes and then to a total luminosity for all group members. The presence of a significant amount of dark matter is evident from the generally high M/L calculated from our revised group member lists, except for the NGC4038 group where the colliding central galaxy pair (NGC 4038 and NGC 4039) have temporarily boosted star formation activity and total luminosity. NGC 5084 has an intermediate M/L but no dominant starburst galaxies.
For all our groups, we estimate that the impact on our luminosity-weighted results of missing light due to incompleteness in redshift data (unconfirmed catalogue members and uncatalogued dwarf galaxies) is negligible. For example, based upon available redshift data, approximately half of the unconfirmed galaxies in the Dorado (48 unconfirmed) and NGC 1400 (69 unconfirmed) catalogues are likely to be group members, but their estimated missing light is only 0.3% to 0.4% of the total luminosity of the confirmed group members. Moreover, the radial distribution of missing light should follow that of the confirmed member galaxies -for example, Carrasco et al. (2001) investigated the dwarf galaxy population of the Dorado group, finding that they tended to cluster around the brighter galaxy members. Therefore, particularly after luminosity weighting, missing dwarf galaxies will not significantly alter our group velocity dispersions, virial mass estimates or crossing times.
The group crossing time is usually compared to the Hubble time to determine whether the groups are virialised (Ferguson & Sandage 1990) . The derived crossing times for NGC 4038 and NGC 4697 exceed 0.2 Hubble times, suggesting that they are unvirialised, whereas Dorado, NGC 681, NGC 1400 and NGC 5084 appear to be dynamically relaxed. Ferguson & Sandage (1990) also found that Dorado and NGC 1400 were virialised. A refinement of this test is to scale the number of crossings required to achieve dynamical relaxation by the estimated number of group member galaxies (N). The relaxation time is then proportional to N/log(0.4N) (Aarseth & Saslaw 1972) . Applying this approach, we would conclude that NGC 681, NGC 1400 and NGC 5084 are dynamically relaxed, whereas Dorado, NGC 4038 and NGC 4697 are not yet virialised. Virial mass estimates for the latter three galaxy groups may therefore be inappropriate.
The interpretation of apparently relaxed groups is also problematic -numerical simulations indicate that projection effects and incomplete redshift data for group members can significantly effect dynamical mass estimates, such that even groups with short apparent crossing times may still be in the pre-virial collapse phase (Aarseth & Saslaw 1972; Danese et al. 1981; Diaferio et al. 1993) . However, our luminosity-weighted approach should have largely overcome redshift data deficiencies since, as illustrated in the radial velocity histograms (Figure 3) , we have redshift data for the dynamically dominant group members.
The virial state of NGC 1400 group depends upon the inclusion or exclusion of galaxy NGC 1400, which has a large radial velocity difference from other group members. There is ample evidence that this galaxy is not a foreground object, but is rather located at the group distance (Gould 1993; Quintana et al. 1994; Perrett et al. 1997 ). In our analysis, the galaxy NGC 1400 is treated as an interloper (see Table 9 ) and excluded from the dynamical calculations. Our resulting luminosity-weighted group virial mass agrees with Quintana et al. (1994) under this assumption, and the group is virialised. If we include NGC 1400 in our calculations, the group crossing time is reduced from 0.067 to 0.047 and the mass-to-light ratio is increased from 257 ± 92 to 835 ± 253 -again broadly in line with Quintana et al. (1994) who interprets this as evidence of substantial dark matter. In this case, the virial formulae may not apply if the high relative velocity of NGC 1400 is interpreted as an infalling subgroup. Since there are no other bright galaxies in this group with recessional velocities similar to NGC 1400, we consider it to be an isolated interloper and treat the group as virialised.
SUMMARY OF FINDINGS
Our key findings are as follows:
• Target selection by morphological parameters (image area and peak intensity against magnitude) has resulted in 12 to 22 per cent of the successfully measured redshifts being identified as group member galaxies.
• We have redefined the non-dwarf galaxy membership of the six groups with more accurate redshift-velocity measurements, eliminating several background galaxies. However, significant numbers of less luminous galaxies in Dorado and NGC 1400 groups still require redshift measurements.
• Several techniques confirm that the six galaxy groups can be separated into loose group (Dorado, NGC 4038 and NGC 4697) and compact group (NGC 681, NGC 1400 and NGC 5084) subsets in both kinematical and dynamical terms. Kinematical techniques include the comparison of sky position plots converted to a common group distance, and the Dressler-Shectman substructure test. Dynamical tests (luminosity-weighted) include comparison of harmonic mean radii at a common group distance, and testing for virialisation through the crossing time.
• We find substructure to be evident from the DresslerShectman test in Dorado, NGC 4038 and NGC 4697. A more refined application of the crossing time test for virialisation also confirms these three groups to be still undergoing dynamical relaxation. The luminosity-weighted virial mass estimate and mass-to-light ratio for these groups may therefore be questionable.
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